Objective: To estimate the prevalence of stunting, wasting and anaemia among children aged 6 -59 months in the Kzyl-Orda region of Kazakhstan, and to determine the association between childhood height and haemoglobin concentration and a range of environmental and biological factors. Design: A cross-sectional study using a randomly selected sample. The mothers of children were interviewed, and finger-prick blood samples and anthropometric measurements were collected on both mothers and their children. Associations between haemoglobin (Hb) concentration, anthropometric measurements and questionnaire data were evaluated by multivariate analysis. Setting: Health centres in Kazalinsk, Djalagash and Zhanakorgan districts of Kzyl-Orda region, Kazakhstan. Subjects: Two-thousand and twenty-four children aged between 6 and 59 months born to 1501 mothers who were randomly selected from health centre records. Results: The overall prevalence of stunting ( < 7 2.0 Z-scores height for age), wasting ( < 7 2.0 Z-scores weight for height) and anaemia (Hb < 11.0 g=dl) in the study children was found to be 15.8, 0.8 and 50.1%, respectively. However, analysis demonstrated considerable variation by age, with the second year of life showing the highest prevalence of both stunting and anaemia. Both childhood height and haemoglobin concentration were found to be significantly associated with a range of environmental and maternal variables. Conclusions: This study demonstrates that the prevalence of both stunting and anaemia among Kazakh children in the KzylOrda region is considerable, and similar to that of other Central Asian children. These findings highlight Central Asia as a region with levels of childhood nutritional status that are of concern. Sponsorship:
Introduction
Although information on the prevalence of iron-deficiency anaemia in the former Soviet Union is scarce (see for example, de Maeyer & Adiels-Tegman, 1985) , anaemia is reported to have been a major public-health issue in the region for several decades (Sharmanov, 1998) .
Furthermore, since the break-up of the former Soviet Union, the dramatic economic and social restructuring that has taken place has served only to increase concern about the current and future health of Central Asian populations (World Bank, 1995; Sharmanov, 1998) .
While the adverse consequences of extreme iron deficiency are not debated, the influence of mild to moderate anaemia on the health of populations is less clear, a state of affairs that is often blamed upon poor study design and inadequate controlling for confounding factors (Logan, 1997; Pollitt, 1999) . However, there is now an emerging picture, arising out of well-designed intervention studies, that appears to suggest that mild to moderate anaemia in childhood may have negative impacts on, among other things, mental development (Idjradinata & Pollitt, 1993) and physical growth (Angeles et al, 1993) .
This study therefore uses anthropometric and haematological techniques to assess the nutritional status of children aged 6 -59 months living in the Kzyl-Orda region of Kazakhstan, in order to provide essential high-quality baseline information for future health monitoring.
Subjects and methods
Study methods have been described in detail elsewhere (Dangour et al, 2001 ) and will be outlined briefly here.
Study area and sampling strategy
Kazakhstan has a territory of over 2.7 million square kilometres comprising diverse habitats: grasslands in the north, mountains in the east, and desert and steppe in central and southern regions. The population of 16.5 million is also diverse as a result of numerous invasions, occupations and population displacements (Olcott, 1995) . The Kzyl-Orda region, one of Kazakhstan's 19 administrative regions, was selected for this study as it borders the Aral Sea, an area of great ecological and public health interest (Micklin, 1988) .
The study region is bisected by the Syr Darya river, which is used for extensive rice cultivation on state farms. Beyond the reach of irrigation, however, the land is essentially steppe and desert, and it is here that sheep, cattle and camel herding farms are found. At the time of the data collection, the region was experiencing social upheaval as Kazakhstan embarked on a process of economic transformation. As a result, there was increasing unemployment, wage arrears, loss of benefits in kind, deterioration in the health services, and a fall in real income as the price of essential goods rose (Olcott, 1995; Academy of Preventive Medicine [Kazakhstan] and Macro International Inc. 2000).
The study took place over three separate periods between June 1994 and August 1995 in three districts in Kzyl-Orda region: Kazalinsk, Djalagash and Zhanakorgan. The district of Kazalinsk is adjacent to the Aral Sea with Djalagash lying midway between the sea and Zhanakorgan. A two-stage sampling process was used to select a random sample of women aged 15 -45 y, and selected women were encouraged to bring all of their children between 6 and 59 months of age with them to the interview. Women who were pregnant at the time of the interview, or who had given birth within the preceding 6 months were not included in the study. Of the eligible women selected, approximately 75% attended the interview. The total sample covered by the survey was 4238 women aged 15 -45 y, and 2492 children aged 6 -59 months. The vast majority (97.9%) of the women classified themselves as Kazakh, the remainder Russian, Korean or other Central Asian. The current study was confined to singleton Kazakh children aged 6 -59 months with a complete set of haematological, anthropometric and questionnaire data. The final sample used in the current analysis contained 2024 children born to 1501 women (Table 1) .
Anthropometric and questionnaire data were collected by a team of local Kazakh nurses who were thoroughly trained in survey methods before the start of each round of the study. The team was accompanied and supervised daily by the programme manager (HLH) in order to ensure the maintenance of standard procedures.
Haematological and anthropometric data
The blood haemoglobin concentrations of the children and their mothers were assessed in the field using portable haemoglobinometers which were validated daily using specially prepared samples provided by the manufacturer (HemoCue Ltd, Sheffield, UK). A sample of capillary blood was obtained from the middle finger of the left hand of each subject using a microlance, and immediately analysed in the haemoglobinometer. The HemoCue has been shown to be extremely accurate in field settings (Cohen & Seidl-Friedman, 1988; von Schenck et al, 1986) although there have been some concerns over its reliability (Morris et al, 1999) .
The measured haemoglobin concentrations were used to determine whether the study individuals could be classified as anaemic or non-anaemic using internationally-recognised classification criteria (UNICEF=UNU=WHO=MI, 1999) . Childhood anaemia was diagnosed when the haemoglobin concentration lay below 11.0 g=dl. All children diagnosed as having anaemia were referred to local health officials who were provided with ferrous sulphate tablets for distribution.
Anthropometric measurements were collected on women and children using standard techniques (Weiner & Lourie, 1981) . Body weight was measured on all subjects using a battery-operated digital weighing scale (precision 100 g; Soehnle) which was checked frequently during the study using standard 10 kg weights. Subjects were weighed in bare feet with a minimum of clothing (no correction was made for clothing). Length was measured on children under 2.0 y of age with a plastic measuring mat (5 mm precision). Height was measured on children aged over 2.0 y, and their mothers, using a microtoise (1 mm precision) with a moveable bar and steel tape. Weight and length=height (termed 'height' for Height, weight and Hb status of Kazakh children AD Dangour et al simplicity) were measured in duplicate by two trained assistants and the mean of the repeat measurements were used. Inter-and intra-observer measurement errors were estimated for weight and height (Dangour et al, 2001) , and found to lie well within the recently proposed guidelines (Ulijaszek & Kerr, 1999) .
Household questionnaire A detailed questionnaire, which covered areas such as socioeconomic factors, reproductive history and dietary patterns, was administered to the mothers by the survey team. The questionnaire was written in Russian and was administered in either Russian or Kazakh by the survey team, who were all fully bilingual. In order to assess household socioeconomic status, the mothers were questioned regarding the ownership by their household of a checklist of 11 items (radio, television, video recorder, telephone, electric fan, sewing machine, refrigerator, gas or electric fire, bicycle, motorbike and car). A Possession Score was constructed as the sum of the different items on the checklist reported to have been owned by the household. The Possession Score ranged from 0 to 10; an average of five different items from the checklist were owned by the households.
Mothers were asked to state the highest level of education that they had achieved (primary, secondary or tertiary). A small proportion (1.6%) of women attained only primarylevel education, 85.4% reported achieving secondary-level education, and 13.0% reported achieving tertiary-level education. Literacy levels were correspondingly high, with approximately 98% of mothers reporting to be able to read and write. Mothers were also asked to recall the birthweight of the children that they brought with them to the interview. The mean birthweight of the total sample of children was 3.3 kg and ranged from 1.4 to 5.3 kg.
The household-level data were used in analyses to determine possible maternal or household factors associated with childhood height and haemoglobin concentration. These analyses were carried out using a Generalised Estimating Equation procedure, which took into account the hierarchical nature of the data, ie children within households. The sample used in these models was slightly smaller (n ¼ 1972) than the total sample of children because of a small amount of missing data. However, regression analysis demonstrated that, after adjusting for age and sex as necessary, there was no difference between this sub-sample and the total sample in childhood height or haemoglobin concentration.
Ethics
The survey protocol received ethical approval from the Ethics Committee of the London School of Hygiene and Tropical Medicine, and was approved by the Ministry of Health in Kzyl-Orda region, Kazakhstan. The study was fully explained to the subjects and signed consent was obtained from each participant.
Results
The mean weight, height and haemoglobin concentration by 6-month age-group of the total sample of 2024 Kazakh children aged 6 to 59 months measured in the study are presented in Tables 2 and 3 for boys and girls, respectively. The raw data plotted in Figures 1 and 2 for weight and height respectively suggest that there was sexual dimorphism in body size in Kazakh children. Univariate analysis of variance adjusting for linear and quadratic terms of age, demonstrated that boys were significantly heavier than girls (F 1, 2018 ¼ 69.5; P < 0.001) and that this was constant throughout the age-range. Similar analysis adjusting for linear, quadratic and cubic terms of age showed that boys were also significantly taller than girls (F 1, 2016 ¼ 47.5; P < 0.001), but that there was a significant interaction between sex and age (F 1, 2016 ¼ 5.7; P ¼ 0.02). This supports what is clear from the figure, that girls were shorter than boys at young ages, but by the fifth year of life boys and girls were of similar height. Table 4 presents the mean height for age Z-score and the prevalence of stunting (height for age Z-score < 7 2.0) by district and age-group; in total 15.8% (320=2024) of the Height, weight and Hb status of Kazakh children AD Dangour et al in the 12 -23 month age group were significantly more likely to be stunted that children in any other age group. Less than 1% (16=2024) of the total sample were found to be wasted (weight for height Z-score < 7 2.0). The mean haemoglobin concentration for the total sample of Kazakh children was 10.6 g=dl, and 50.1% (1015=2024) of the children were classified as anaemic (Hb < 11.0 g=dl). The haemoglobin distribution was slightly negatively skewed (median 10.9 g=dl) as is the case with most haematological parameters (de Maeyer & Adiels-Tegman, 1985) , but this was found to have no significant impact on the analyses, and raw (untransformed) data were therefore used throughout. In contrast to the sexual dimorphism in body size, there was no difference (after adjusting for age) between boys and girls in haemoglobin concentration (F 1, 2019 ¼ 0.4; P ¼ NS). However, haemoglobin concentration and the prevalence of childhood anaemia (Hb < 11 g=dl) showed considerable variation by age and district (Table 5 ). The raw data plotted in Figure 3 shows a significant curvilinear relationship between haemoglobin concentration and age, with the lowest haemoglobin concentration occurring in the 12 -23 month age-group. Univariate analysis of variance (and Sheffe's post-hoc test) of the residuals of haemoglobin concentration on linear, quadratic and cubic terms of age by district, demonstrated that the age-corrected haemoglobin concentration of Kazalinsk was significantly lower that that of the other two districts throughout the agerange (F 2, 2021 ¼ 37.0; P < 0.001).
Using the sub-sample of children with complete datasets (as described above), Generalised Estimating Equation regression models were constructed to investigate the relationship between childhood height and haemoglobin concentration and childhood, maternal and household variables. The analyses demonstrated that both childhood height (Table 6 ) and childhood haemoglobin concentration (Table 7) were significantly associated with linear, quadratic and cubic terms of age, as well as with a range of other biological and socioeconomic factors.
The correlation coefficients presented in Table 6 show that children living in Kazalinsk were on average 0.7 cm taller than those in either of the other two districts. The model demonstrated a significant positive relationship between childhood height and both birthweight and childhood haemoglobin concentration. The height of children was also significantly positively associated with both the height and haemoglobin concentration of their mothers. There was a significant association between childhood height and maternal education level: children whose mother received tertiary-level education were on average 0.5 cm taller than those whose mother received secondary- Height, weight and Hb status of Kazakh children AD Dangour et al level education, and 1.4 cm taller than those whose mother received only primary-level education. Finally, there was a significant positive association between childhood height and household Possession Score. Children living in Kazalinsk had haemoglobin concentrations that were on average 0.5 g=dl lower than those of children living in either of the other two districts, confirming what was previously noted (see Figure 3) . Childhood haemoglobin concentration was also significantly positively associated with both birthweight and childhood height. Only one maternal variable entered the model, namely there was a significant positive association between the haemoglobin concentrations of children and their mothers.
Discussion
This paper presents data on the prevalence of stunting, wasting and anaemia among Kazakh children aged 6 -59 months living in the Kzyl-Orda region of Kazakhstan. The current research represents part of a larger study which collected information on 3625 adult Kazakh women and their children in order to produce baseline information for future nutrition and health interventions (Dangour et al, 2001) . Among a random sample of 2024 Kazakh children, the prevalences of anaemia and stunting were found to be 50.1 and 15.8%, respectively. The prevalence of wasting among the study children was negligible (0.8%). These data are compared in Table 8 with the most reliable available data on contemporary samples of children living in Central Asia.
The prevalence rates from the current study are similar to those from other surveys of Central Asian children. However, the comparisons are likely to be confounded by several factors. First, the studies differ in the age-group sampled: restricting the present sample to children under 3 y of age increases prevalence rates in the current investigation (see Table 8 ); and, second, the studies differ in sampling frame, with most comprising nationally representative samples. Given the ecological diversity and economic inequality of many of these countries, it is not surprising that all national surveys noted considerable regional differences in nutritional status which are likely to confound comparison of prevalence rates. One further factor, namely season of survey, which may affect dietary quality and morbidity experience in these highly seasonal countries, may also confound inter-survey comparisons. Seasonal factors have been proposed to be a possible explanation for the significant decrease in national anaemia prevalence rates in Kazakhstan between 1995 and 1999 (Academy of Preventive Medicine [Kazakhstan] and Macro International Inc., 2000), although it is unlikely that they explain the dramatic fall witnessed in the prevalence of stunting (see Table 8 ).
The second year of life appeared to be one of considerable nutritional vulnerability in the study sample, with a higher prevalence of stunting and anaemia than at any other time. The increase in the prevalence of stunting after 6 months of age is well known and has been demonstrated in numerous Height, weight and Hb status of Kazakh children AD Dangour et al studies around the world (Martorell & Habicht, 1986 ). In the current sample, mean height-for-age Z-score declined to a low of 7 1.4 in the 18 -23 month age group and then rose slightly and remained on a mean of approximately 7 1.0 from 30 to 59 months. This pattern, which suggests that after the second year of life children achieved a degree of catch-up relative to the NCHS reference, appears to contradict the previous assertion that the prevalence of stunting remains constant after 2 or 3 y of life (Martorell & Habicht, 1986) . Similar apparent catch-up has, however, also been noted elsewhere in both cross-sectional (Allen et al, 1992; Allen, 1994) and longitudinal (Cameron et al, 1998) studies and requires further investigation. Considerable age-related changes in blood haemoglobin concentration during early life were demonstrated in the current sample. Such changes are well documented (Dallman et al, 1980; Dallman & Reeves, 1984) . A decline in haemoglobin concentration during the first 2 months of life has been attributed to an abrupt decrease in erythropoiesis resulting from increased post-natal oxygen delivery to body tissues. After this age, red blood cell production becomes more active, and the decline in haemoglobin concentration is generally reversed by 4 months (Dallman, 1993) . This reversal and subsequent increase in blood haemoglobin concentrations is, however, largely dependent upon the ability of the infant to absorb sufficient iron from the diet at a time when growth velocity is high.
In the current investigation the improvement in blood haemoglobin concentration, after the post-natal decrease, was considerably delayed and did not occur until 24 months of age. There are many possible reasons for this delay, such as insufficient dietary iron intake, or increased iron-loss caused by a high prevalence of infectious disease morbidity. Detailed dietary intake information was collected and preliminary results suggest that the dietary intake of bioavailable iron was especially low between 6 and 18 months of age (Ismail & Hill, 1999) . Using 2 week morbidity recall with a checklist of six common illnesses, mothers reported that children aged under 2 y were most the likely to have been ill (results not shown); there was a steady decline in morbidity frequency after this age. Low dietary iron intake and high morbidity frequency, a pattern typical for many developing countries, may therefore be directly associated with the delay in improvement in the blood haemoglobin concentrations.
The Generalised Estimating Equation regression models demonstrated significant associations between both childhood height and haemoglobin concentration and a variety of biological and socioeconomic factors. Analyses demonstrated considerable inter-district variation, with children from Kazalinsk having significantly greater height but significantly lower haemoglobin concentration than children from Djalagash or Zhanakorgan. Previous analyses have also demonstrated inter-district variation in haemoglobin concentration, but not height, among adult Kazakh women in Kzyl-Orda region, with women in Kazalinsk having significantly lower haemoglobin concentration than that of women in either of the other two districts. The variation in both childhood and adult haemoglobin concentration mirrors differences in socioeconomic environment in the three districts, with Kazalinsk being considerably less well-off than either of the other two districts (Dangour et al, 2001) .
However, the pattern of inter-district socioeconomic variation is not in accord with that of the variation in childhood height, since Kazalinsk the poorest district, has the tallest children. A speculative alternative hypothesis is therefore proposed. It has been suggested that when the energy requirement of growth is met, as is the case in the current study (cf. the negligible prevalence of wasting), other nutrients becoming growth-limiting (Victora, 1992) . A micronutrient that has been shown to be of considerable importance for linear growth is calcium (Prentice & Bates, 1994; Piyadasa, 1996) , a major source of which is dairy produce. Kazalinsk was the most pastorally-oriented of the three districts surveyed, and households in Kazalinsk reported consuming dairy products at a significantly greater daily frequency than households in either Djalagash or Zhanakorgan (mean reported daily consumption frequency 1.8, 1.2 and 0.8 respectively). It is therefore possible that children in Kazalinsk were taller as their growth was not limited by insufficient dietary calcium supplies, which may have retarded childhood growth in the other two study districts. This tentative hypothesis requires further clarification.
Childhood height was significantly positively associated with two proxy measures of socioeconomic status, namely household Possession Score and maternal education level. This is in accord with the large body of literature that demonstrates that wealthier children are taller than their less well-off contemporaries (for example, Martorell et al, 1988) . However, the proposed causal link between maternal education and childhood growth has recently been debated. While several studies support a positive association between the two variables (see Caldwell & Caldwell, 1993 , for a review), a recent meta analysis demonstrated that the strength of the relationship was significantly attenuated after controlling for confounding factors (Desai & Alva, 1998) . In addition, the high level of maternal literacy in Kzyl-Orda may limit direct comparison with most developing countries. This is an area of considerable importance with regard to health and nutrition interventions and requires much further investigation.
As stated above, significant associations between childhood and maternal height and haemoglobin concentration were demonstrated in the models. Closer inspection of the data, using a subset of the total sample which randomly selected one child for each mother (n ¼ 1501), revealed that the strength of these associations changed with the age of the child. Table 9 shows that the partial correlation coefficients between childhood and maternal height increased with child age: there was significant heterogeneity between the correlation coefficients (w 2 (4) ¼ 24.1; P < 0.001) and the coefficients of the extreme age-groups were significantly different (t 1 ¼ 2.9; P < 0.001). This suggests that genetic Height, weight and Hb status of Kazakh children AD Dangour et al factors pre-determining child height were becoming progressively more important during childhood development. In contrast, with the exception of the 6 -11 month age-group, the correlation coefficients between childhood and maternal haemoglobin concentration were weak, and showed no significant heterogeneity (w 2 (4) ¼ 4.7; P ¼ NS). It therefore appears that, after the first year of life, factors other than maternal haemoglobin status were the most important in determining childhood haemoglobin concentration. Height, weight and Hb status of Kazakh children AD Dangour et al
